The levels of cefmenoxime (SCE-1365) [7j3-[2-(2-aminothiazol-4-yl)-[Z]-2-methoxyiminoacetamido]-3-[(1-methyl-IH-tetrazol-5-yl)thiomethyl]ceph-3-em-4-carboxylic acid] and cefotaxime [7/3-[2-(2-aminothiazol-4-yl)-[Z]-2-methoxyiminoacetamido]-3-acetoxymethyl-ceph-3-em-4-carboxylic acid] in plasma and tissues, and the excretion in urine and bile of experimental animals were compared. A single dose of 20 mg; kg of cephalosporins was administered subcutaneously to mice and intramuscularly to rats, rabbits and dogs. The cefmenoxime and cefotaxime levels in plasma and tissues reached a peak in 15 -30 minutes after administration. The cefmenoxime levels in plasma were slightly higher than that of cefotaxime in rats and slightly lower in mice, rabbits and dogs. The tissue levels of cefmenoxime, however, were much higher than those of cefotaxime. In mice and rats, cefmenoxime was distributed in high concentration to various tissues in the descending order of the kidney, plasma, liver, lung, spleen and brain; in rabbits, kidney, plasma, lung, liver, spleen and brain; and in dogs, kidney, liver, plasma, lung, spleen and brain. The plasma and tissue levels of cefmenoxime persisted much longer than those of cefotaxime. Both cephalosporins were excreted principally in the urine. A high biliary excretion of cefmenoxime was observed in rats and dogs. In the specimens from animals given cefotaxime, deacetylcefotaxime was found in various amounts.
Cephalosporin concentrations in the plasma were calculated from the standard curves of the cephalosporins dissolved in plasma. Urine and bile specimens were diluted with PBS. Cephalosporin activity in the urine and bile was not affected by diluting the specimens more than 5-fold.
Cephalosporin concentrations
in the diluted specimens and supernatants of the tissue homogenates were calculated from the standard curves of the cephalosporins dissolved in PBS.
Detection of Active Metabolite
Plasma specimens were mixed with the same volume of acetone and the supernatants were separated by centrifugation.
The supernatants of the mixture of plasma and acetone, tissue homogenates, urine, bile and the standard cephalosporin solutions were spotted on a thinlayer plate (silica gel f; Spotfilm, Tokyo Chemical Industry Co., Ltd.). After development in 0.5 M NaCl, the active spots were detected by the bioautograph technique with Proteus rettgeri acetamidol --3-hydroxymethyl-ceph-3-em-4-carboxylic acid] were prepared in Takeda Chemical Industries, Ltd. (Fig. 1) . The sodium salt form of the cephalosporins was used in this study. A single dose of 20 mg/kg of cephalosporin dissolved in saline was administered subcutaneously to mice (2 mg/ml, 0.1 m1/10 g), and intramuscularly to rats (10 mg/kg, 0.2 ml/100 g), rabbits (20 mg/ml, 1 ml/kg), and dogs (100 mg/ml, 0.2 ml/kg). Animals Male 5-week-old Slc: ICR mice weighing 25 -30 g, male 7 -8-week-old JCL: Sprague-Dawley rats weighing 230-260 g, male New Zealand White (NZW-Sat, conventional) rabbits weighing 2.5 -3.5 kg, male mongrel dogs weighing 6 -14 kg, and female beagle dogs weighing 7 -13 kg were used.
Specimens for Cephalosporin Assay Blood specimens were collected from the axillary artery and vein of mice and rats anesthetized with ethyl ether, from the femoral artery of unanesthetized rabbits, and from the carotid artery of dogs anesthetized with sodium pentobarbital (Nembutal, Abbott Labs.). Blood specimens were also collected consecutively from the saphena and median veins in beagle dogs. Plasma was separated by centrifugation from the heparinized blood specimens. After the animals were killed by bleeding, the lung, liver, spleen, kidney and brain were removed. A small portion of each tissue was homogenized with 3 -9 volumes of medium. The media used were 0.1 M phosphate buffer solution (pH 7) (PBS) for cefmenoxime and methanol for cefotaxime. The homogenates were centrifuged and the supernatants were assayed. Urine specimens were collected from mice and rats in metabolism cages, and with a urethral catheter in unanesthetized rabbits and dogs and anesthetized bile duct-cannulated rats, rabbits and dogs. Bile specimens were collected from the common bile duct-cannulated with polyethylene tubing in rats, rabbits and dogs anesthetized with sodium pentobarbital.
In dogs, the cystic bile duct was also ligated. All specimens were stored at -20°C, and assayed within 7 days after collection. The cephalosporins were stable under these conditions.
Cephalosporin Assay The concentrations of cefmenoxime in the specimens were assayed using the cylinder plate diffusion technique with Proteus mirabilis ATCC 21100 as a test organism and DST agar (Oxoid). The cefotaxime concentrations in plasma, urine and bile specimens were assayed using the same method for cefmenoxime assay and the cefotaxime concentrations in the supernatants of tissue homogenates were assayed by the paper disk technique.
Cephalosporin concentrations
in the diluted specimens and supernatants of the tissue homogenates were calculated from the standard curves of the cephalosporins dissolved in PBS. Detection of Active Metabolite Plasma specimens were mixed with the same volume of acetone and the supernatants were separated by centrifugation. In the plasma, except at 5 minutes after administration, the cefmenoxime levels were higher than the cefotaxime levels, and in the tissues, the cefmenoxime levels were also much higher than the cefotaxime levels at all times tested. In the liver and kidney, especially, the cefmenoxime levels Time ( were much higher than the cefotaxime levels. No active metabolites were detected in the specimens of rats given cefmenoxime. In rats given cefotaxime, the ratio of deacetylcefotaxime to cefotaxime in the plasma increased progressively with time after cefotaxime administration.
In the kidney, practically no cefotaxime activity was detected, whereas deacetylcefotaxime reached much higher levels in this organ (Table 3 ).
The mean values of urinary excretion of cefmenoxime were comparable with that of cefotaxime estimated as the cefotaxime activity and no difference was observed between those in the unanesthetized and anesthetized bile duct-cannulated rats.
A large amount of deacetylcefotaxime was found in the urine of rats given cefotaxime and the total mean values (cefotaxime plus deacetylcefotaxime) of urinary excretion were much higher than that of cefmenoxime (Tables 4 and 5 ). The mean value of biliary excretion of cefmenoxime was much higher than that of the total amount of cefotaxime plus deacetylcefotaxime (Table 6 ).
Rabbits
The peak levels of cefmenoxime and cefotaxime in plasma and tissues were observed 30 minutes after administration. Cefmenoxime was distributed in high concentrations to various tissues in the descending order of the kidney, plasma, lung, liver, spleen and brain. The cefmenoxime levels in Table 8 . THE JOURNAL OF ANTIBIOTICS plasma were lower than the cefotaxime levels but the tissue levels of cefmenoxime were much higher than those of cefotaxime.
No active metabolites were detected in the specimens of rabbits given cefmenoxime. In rabbits given cefotaxime, the ratio of deacetylcefotaxime to cefotaxime in the plasma increased progressively with time after cefotaxime administration, and in the kidney, only a trace of cefotaxime was observed even 15 minutes after the administration, whereas the deacetylcefotaxime level was much higher in this organ ( Table 7 ).
The mean value of urinary excretion of cefmenoxime was much higher than that of cefotaxime estimated as the cefotaxime activity. A large amount of deacetylcefotaxime was found in the urine of rabbits given cefotaxime and the total mean value of the urinary excretion (cefotaxime plus deacetylcefotaxime) was higher than that of cefmenoxime. No difference in urinary excretion was observed between the unanesthetized and anesthetized bile duct-cannulated rabbits but the excretion rate in the former was higher than that in the latter (Tables 8 and 9 ). The mean values of biliary excretion of cefmenoxime and cefotaxime were similar and much lower than those in other animal species (Table  10 ). 
Dogs
The peak levels of cefmenoxime and cefotaxime in plasma and tissues were observed 30 minutes after administration. Cefmenoxime was distributed at high concentrations to various tissues in the descending order of the kidney, liver, plasma, lung, spleen and brain. Although the plasma level of cefmenoxime was lower than that of cefotaxime, the tissue level of the former was higher than that of the latter.
No active metabolites were detected in the specimens from dogs given cefmenoxime.
In dogs given cefotaxime, the deacetylcefotaxime levels in the liver and kidney were higher than the cefotaxime levels but in the plasma and lung, the cefotaxime levels were higher than the deacetylcefotaxime levels (Table 11 ). In anesthetized bile duct-cannulated dogs, the cefmenoxime and cefotaxime levels in plasma were higher than those in unanesthetized dogs (Table 12 ).
The mean value of urinary excretion of cefmenoxime was higher than that of cefotaxime, estimated as the cefotaxime activity, and the excretion in anesthetized bile duct-cannulated dogs was slightly delayed compared to that in normal dogs. The mean value of biliary excretion of cefmenoxime, however, was much higher than that of cefotaxime.
Compared to other animal species, a relatively small amount of deacetylcefotaxime was recovered in dogs (Tables 13 and 14) . body to deacetylcefotaxime, a less active metabolite". Absorption of cefmenoxime and cefotaxime from the injection site was rapid and the plasma and tissue levels reached the peak at 15 -30 minutes after administration, as is known for various parenteral cephalosporins12-1i). The plasma level of cefmenoxime was lower than that of cefotaxime plus deacetylcefotaxime, but the tissue level of cefmenoxime was much higher than that of cefotaxime plus deacetylcefotaxime. This finding does coincide with the fact that the plasma and tissue levels of cephalothin (3-acetoxymethyl; 7-thienylacetamido) were lower than those of cephaloridine (3-pyridylmethyl; 7-thienylacetamido)12,". The urinary excretion of cefmenoxime was similar to or higher than that of cefotaxime, when estimated as cefotaxime activity, but the latter was much higher than the former when estimated as the total amount of cefotaxime plus deacetylcefotaxime.
The biliary excretion of cefmenoxime was much higher than that of cefotaxime.
These findings suggest that the substituent at the 3-position of cephalosporins may not only increase the enzymatic resistance, but also play an important role in increasing the tissue permeability.
BRAUER1 reported that organic carboxylic acids having a molecular weight of the order of 300 or more, were excreted into bile after storage in the hepatic cells from the blood.
It is also reported that compounds with molecular weight of 300 -500 show a species difference in the biliary excretion and coinpounds showing high biliary excretion are concentrated in the hepatic cells and biliary excretion occurs against a concentration gradient from liver to bile"-").
Recently, WRIGHT and LINE19) reported that above a threshold molecular weight of about 450, biliary excretion of cephalosporin increased in a generally progressive way. The hepatic levels of cefmenoxime reached a peak at 15 -30 minutes after administration and the highest cefmenoxime levels in the bile were observed in 1 -2 hours. These results indicate that cefmenoxime was excreted in the bile according to the general rule of biliary ex- cretion of anionic polar compounds. The biliary excretion of cefmenoxime was much higher in rats, moderate in dogs and much lower in rabbits, but the hepatic levels of cefinenoxime were higher in dogs and decreased in the order of rats and rabbits. The relationship between the physicochemical properties and the tissue distribution and excretion of cephalosporins should receive further studies.
